In Experiment I, a repeated tests procedure was employed to assess hypothermia-induced amnesia of a footshock experience. Rats tested 4 h after training treatment showed no memory loss, but amnesia was present at 24 h. Although recovery of memory was obtained when the same animals were cooled 2 h prior to a 50-h test, repeated testing also tended to attenuate amnesia. In Experiment II, independent groups were tested at 6 or 50 h after training treatment. Again, memory of the footshock was present at the short, but not at the long, interval. Recooling shortly prior to the 50-h test eliminated amnesia. Experiment III indicated that the return of memory produced by recooling did not persist if testing was delayed, These findings suggested that hypothermia may function as an important contextual cue for memory retrieval.
There is good evidence that retrograde amnesia (RA) occurs when an agent such as electroconvulsive shock (ECS) is given shortly after a passive avoidance training trial. Typically, however, RA has been assessed 24 h after the footshock training ECS-treatment session. Recently, Geller and Jarvik (1968) , searching for evidence that memory weakened by ECS treatment might strengthen over time, reported a puzzling outcome: Mice tested at 1 h showed good retention; those tested at 24 h showed little retention. Other investigations using ECS as the amnesic agent, with additional controls and different parameters, have also found that conditions which result in amnesia after 24 h may produce little if any loss of memory at short test intervals (McGaugh & Lanfield, 1970; Misanin, Nagy, Keiser, & Bowen, 1971) . This variation in amnesia as a function of test interval has been cited as evidence for a "dual trace" theory of memory by McGaugh and Dawson (1971) , who argue that ECS given immediately after training prevents long-term memory (LTM) but not short-term memory (STM) storage.
EXPERIMENT I
Our original purposes in Experiment I were twofold. First, it seemed of interest to determine whether this peculiar course of retention is also produced by hypothermia as an amesic treatment. Such evidence would add to the generality of the phenomenon. Misanin et al. (1971) , using hypothermia, reported RA at 24 h but not at 1 h; however, their subjects were 9·day-old rats, and it is not clear whether their finding was specific to developmental memory changes or reflected more This investigation was.supported, in part, by Grants GB-24220 and GB-41488 from the National Science Foundation. Portions of this paper were presented at the meeting of the Midwestern Psychological Association in Chicago, May 1974. The authors thank their colleagues, and Dr. D. James Dooling in Particular, for helpful comments. Requests for reprints should be sent to David C. Riccio, Department of PsYchology. Kent State University, Kent, Ohio 44242.
general aspects of hypothermia-induced RA.
A second aim was to assess the potential changes of memory using a within-subjects approach. Almost all data comparing RA effects at intervals less than 24 h have come from designs using separate groups (Geller & Jarvik, 1968; McGaugh & Lanfield, 1970) . At an empirical level, it would seem of interest to examine the time course of amnesia within a given subject. If a rat shows memory at a short test interval, will it "lose" this memory when retested at a longer interval? The question has some theoretical bearing as well in terms of reminder manipulations. If, at a short interval, memory can be activated and retrieved on a test trial, then the test may also function as an important reminder (reinstatement) for the organism (cf. Sara, 1973) . Accordingly, one might see attenuated RA at a subsequent test.
An additional manipulation in this experiment was generated by preliminary findings. It became apparent that the experimental subjects were showing RA at 24 h but not at the shorter retention interval. If this finding refelected the importance of cues related to the hypothermic state, could the memory be reinstated simply by recooling subjects prior to testing? To examine this possibility, a third test, preceded by cold treatment, was conducted approximately 2 days after the original training.
Method
Subjects. The SUbjects were 50 adult Holtzman male albino rats between 283-412 g. They were cagedin groups offour to six after receipt from the supplierat least 1 weekbefore the start of the experiment. Rats were maintained on ad-lib food and water at all times.
Apparatus. A 15.2 x 40.6 x 20.3 em wooden chamber divided into two equal-sized compartments was used as the passive avoidance apparatus. One compartment had white cardboard inserts mounted on its walls, a clear Plexiglas lid, and a solic1 aluminum floor. The other compartment had black cardboard inserts, a black Plexiglas lid, and a floor which consisted of .23-cm grids spaced 1.3 em apart. Between the compartments was a 7.6 x 7.6 em opening which could be blocked by the 
Results
Median training latencies for the FS-No HYPO and FS-HYPO groups were 26.4 and 18.4 sec, respectively. No significant differences were found between these two groups (Mann-Whitney U test). Thus, prior to experimental treatment, step-through performance was similar between groups.
Median test latencies for all groups are plotted in Figure 1 Figure 1 . Median latencies when each rat was tested both at 4 and24 h after treatment.
dropping of a door. A ISO-V shock was delivered via a Foringer Mode150-901 scrambler and a matched impedance ac shock source (Campbell & Teghtsoonian, 1958) Procedure. Rats were weighed, ear punched for the purpose of identification, and placed in individual cages approximately 1 h before training. During training, each rat wasplaced in the white compartment facing away from the door separating the two chambers. Ten seconds later the door was raised, and the time taken for the rat to enter the black chamber (all four feet) was recorded to the nearest .1 sec. Forty rats received a l-sec ISO-V inescapable footshock (FS) immediately after stepping into the black chamber. Twenty of these rats assigned to the retention control group (FS-No HYPO) were immediately returned to their home cages.
The remaining 20 rats assigned to the experimental amnesia group (FS·HYPO) were restrained in wire cylinders and immersed in 3°C_S OC water within 30 sec after receiving the FS. Rectal temperatures were checked approximately 10 min after immersion. Rats were reirnmersed for periods of 30 sec until temperatures fell at or below 21°C. Subjects were then wiped with paper towels and returned to their home cages. A performance control group (No FS-HYPO) of 10 rats received hypothermia only and none was exposed to the black-white passive avoidance (PA) apparatus until testing. One rat in the No FS-HYPO group and three in the FS-HYPO group died and were replaced.
All rats were tested 4-4.S hand 24 h after receiving footshock and/or hypothermia. Each rat was placed in the white chamber and the time taken to cross into the black side was recorded. Rats not crossing after 5 min were assigned a test latency of 300 sec. Immediately after testing, rectal temperatures were recorded.
Twenty-four hours after their second. test, 10 rats from all three groups were immersed in 3°C_S OC water until rectal temperatures reached 2SoC (COOL). So that testing could occur shortly after cooling, i.e., 2 h, the temperature drop produced at cooling was not as severe as that produced during hypothermia treatment. The remaining rats received no further treatment (No COOL).
interval revealed results similar to those obtained prior to the subdivision of the FS groups into COOL and No COOL groups (see previous 24-h comparisons).
Wilcoxon matched pairs signed ranks test, performed on the 24-h and 50-h data, indicated that the FS-HYPO-COOL group was the only one which had significantly longer latencies at the 50-h test (T = 0, p < .01). Kruskal-Wallis one-way analysis of variance indicated significant treatment effects at the SO-h test (H =21.2, p < .001, df =4). All four FS groups were found to differ significantly from the No FS-HYPO-COOL group (Us <20.5, ps < .05, n1/n2 = 10/10), but no differences were found between any of the four FS groups (Us~28.5).
At the 50-h test, mean temperatures for the groups which were recooled was 29.6°C. The No COOL groups had a mean colonic temperature of 37 .2°C.
Discussion
The test delay data replicate and extend previous findings (Geller & Jarvik, 1968) . Hypothermia does not produce amnesia when testing occurs 4 h later; however, if testing is repeated 24 h after training, these same rats show clear evidence of amnesia. The long latencies at 4 h do not represent an artifact of motor debilitation produced by cooling, as the hypothermia-only group crossed over quite rapidly; nor is the decrease in latencies between 4-and 24-h tests for the experimental amnesia group readily attributable to extinction effects, as the latencies of the FS-No HYPO group remained high on both tests. This significant decrease in latencies over the 4-and 24-h test intervals and the difference between the FS-HYPO and FS-No HYPO groups indicates that activation of memory at 4 h does not prevent RA from occurring later. Although it could be suggested that the 4-h test attenuates later RA, such an effect would appear unlikely in view of the similarity of scores obtained here with those in our other experiment where the first test occurred at 24 h (Riccio & Stikes, 1969; Vardaris, Gaebelein, & Riccio, 1973) . In terms of state dependent interpretations of memory recovery, it is of interest that cooling prior to testing does not impair performance in the retention control group (FS-No HYPO-COOL).
The question of whether cooling can restore memory is only partially answered here. It is clear that retention in previously amnesic rats improves when they are given hypothermia treatment prior to the third test. Again, the short latencies of the untrained controls given repeated hypothermia rules out performance artifacts. The interpretive difficulty stems from the finding that retention tends to improve in the FS-HYPO group given a third test without cooling. All groups except the No FS-HYPO-COOL had similar step-through latencies at the 50-h test. Moreover, there is evidence from ECS studies that repeated testing without further shock can produce recovery from RA (Sara, 1973; Schneider, Tyler, & Jinich, 1974; Zinkin & Miller, 1967) .
HYPOTHERMIA-INDUCED AMNESIA 259 EXPERIMENT II
While the repeated tests design in Experiment I provided convincing evidence of the development of RA between 4 and 24 h, it did not permit an unequivocal demonstration of the effects of recooling. Accordingly, in Experiment II, a between-subjects design was used to examine further the possibility that reexposure to the amnesic agent prior to testing would result in recovery of memory.
An additional aim of this experiment was to substantiate the evidence of lack of RA at short test intervals. Although Experiment I included the essential hypothermia-only control, it could still be argued that a systemic control for the combined effects of FS and hypothermia is required. For example, if footshock and hypothermia together have a more debilitating effect on cross-through latency than hypothermia alone, then the apparent "memory" seen at 4 h could represent a performance artifact. As a check on this possibility, Experiment II included a control group receiving noncontingent FS and hypothermia. Rather than replicate the 4-h test, a 6-h interval was chosen in order to extend our information on the duration that memory persisted after training treatment.
Method
Subjects. The SUbjects were 59 Holtzman male albino rats between 255-383 g. Rats in this experiment were treated the same as those in Experiment I prior to experimental manipulation.
Apparatus. In addition to the apparatus used in Experiment I, a 34.5 x 34 x 27 em open field apparatus was also used. This chamber had four manila-colored cardboard walls and a floor consisting of .15-em steel grids, spaced .5 em apart.
Procedure. One hour after rats had been placed in individual cages, three groups of 13 rats were given a passive avoidance training followed immediately by hypothermia (FS-HYPO groups). Training and hypothermia procedures were exactly the same as those used for the FS-HYPOgroup in Experiment I. One of the FS-HYPO groups in this experiment was tested 6 h after training. The other two FS-HYPO groups were tested 50 h after training. Subjects in one of these two groups were cooled until rectal temperatures reached 25°C 2 h prior to the 50-h test.
Two control groups were given a "noncontingent" FS in the open field apparatus followed immediately by hypothermia (NCFS-HYPO). All shock parameters were identical to those used in passive avoidance training. One control group was tested 6 h after treatment. Rats in the other control group were cooled 48 h after treatment and tested 2 h later. Five rats died (no more than two were from anyone of the five groups) and were replaced.
Testing procedure for all rats was the same as that used in Experiment I except that a 600-sec cutoff was employed. Rectal temperatures were recorded immediately after testing.
Results
Kruskal-Wallis one-way analysis of variance revealed no significant differences between the training latencies of the three FS-HYPO groups.
Median test latencies are presented in Figure 3 . Results of a Kruskal-Wallis one-way analysis of variance performed on the test data of all groups indicated significant treatment effects (H=2s.9, p<.OOl, df = 4). Both the FS·HYPO 6·h test group and the FS-HYPO·COOL sO-h test group differed significantly from all other groups (Us';;; 40.0, ps < .05, nl s = 13, n2s = 13 or 10), but not from each other (U = 60, P > .10). No other significant differences were found between any of these five groups.
Only the FS-HYPO-COOL sO-h test group and the NCFS·HYPO·COOL sO·h test group had mean colonic temperatures below 36.0°C. Their mean temperatures were 32.l oC and 31.6°C, respectively.
Discussion
Subjects tested 6 h after training-hypothermia show no evidence of RA. This outcome is in marked contrast to the poor memory seen in those tested 50 h after treatment. The absence of RA at the short test essentially replicated the 4-h data of Experiment I. Moreover, the very short cross-through latencies in the group tested 6 h after receiving noncontingent FS and hypothermia provides further evidence that the lack of amnesia is not based upon stress-induced performance artifacts.
The efficacy of cooling in offsetting hypothermia-induced RA is clearly seen in the sO·h test of this between-groups design. As recovery of passive avoidance performance occurs in a group having received FS and two hypothermia treatments, it would seem possible that the long latencies reflect cumulative systemic effects. That this is not the case, however, is indicated by the significantly shorter latencies of the noncontingent FS control group which also received two cooling treatments. Moreover, memory recovery is obtained here under conditions where RA appears to be complete, as at 50 h the FS·HYPO latencies are comparable to those of untrained rats (NCFS·HYPO·COOL). This extends the findings of Experiment I by showing that incomplete or partial amnesia (as reflected in response latencies) is not a necessary condition for the restoration of memory through recooling. In any event, the recovery of memory when cooling is given 2 days after training treatment poses a challenge to the view that the amnesia produced at test intervals of 24 h or more reflects the prevention of long-term storage (McGaugh & Dawson, 1971) .
EXPERIMENT III Several studies using ECS as the amnesic agent have shown that noncontingent footshock can serve to reinstate memory (see Miller & Springer, 1973, for review) . This suggested the possibility that the recooling manipulation employed here might be functioning as a type of reminder, analogous to footshock in the ECS experiments. Since there is some evidence that the reminder produces relatively long-lasting recovery from RA (Miller & Springer, 1972) , it seemed of importance to determine whether the effects of recooling also persist. Clearly, if changes linked with the hypothermia condition are an important aspect of preventing RA, as Experiments I and II suggest, then memory loss should again occur when the interval between recooling and later testing is sufficiently long. In Experiment III, rats were tested for RA at several intervals after recooling. In addition, as a check on the possibility that mild stress alone might reactivate memory, two groups restrained without cooling were tested at the shortest and longest intervals.
Method
Five groups of rats received passive avoidance training followed by immediate hypothermia. Three of these FS-HYPO groups were later cooled (25°C) 48 h after training and then retested 4 h (N =10), 24 h (N =II), or 72 h (N =10) later. The remaining two FS·HYPO groups were restrained for 7 min in wire cylinders 48 h after training and were tested either 4 h (N = 11) or 72 h (N = 10) later. A total of nine rats were replaced, four because of apparatus failure, and five died following hypothermia. No more than three rats were replaced in anyone particular group.
Results and Discussion
Kruskal-Wallis one-way analysis of variance revealed no significant differences in initial cross-through. latencies among the five groups. Median test latencies for the 4·, 24., and n·h test COOL groups were 163, 169, and 181 sec and for the 4-and n-h test, No COOL groups were 71 and 60 sec, respectively. While the scores for cooled subjects appear higher than for the restrained ones, Mann-Whitney U comparisons revealed no significant difference between any pair of these five groups. The avoidance test scores of the three cooled groups here are also in marked contrast to the median latency of 600 sec obtained in Experiment II when testing occurred 2 h after cooling.
These results, along with those of Experiments I and II, suggest that testing must occur within a few hours after the cooling episode in order for memory to be retrieved. These findings do not appear to parallel data with noncontingent footshock as a reminder; Miller and Springer (1972) reported that ECS-produced amnesia was attenuated up to 5 days after a footshock reminder.
The results of Experiment III also indicate that a mild stressor, i.e., restraining in a tube, is not sufficient to reverse the amnesic effects of hypothermia, at least when testing occurs either at 4 or 72 h after treatment.
The median latencies of these two restrained groups (71 and 60 sec) were about the same as the median latency of the FS-HYPO group in Experiment II (66 sec) which received no further treatment after hypothermia.
GENERAL DISCUSSION
The present data clearly indicate a time dependent development of RA induced by hypothermia. Within the limits of cutoff scores, memory in hypothermic animals is indistinguishable from controls up to at least 6 h after treatment. Although this study did not track the onset of RA, all experiments show that memory loss is present by 24 h after training. The lack of RA at short test intervals is entirely consistent with findings from several studies using ECS as the amnesic agent (see McGaugh. & Herz, 1972, p. 38) . At the very least, this phenomenon suggests that immediate disruption of storage during a consolidation period is not an adequate explanation of RA.
Not only does it take time for RA to develop after treatment, but the memory remains recoverable even after amnesia is present. As Experiment I suggested, and Experiment II confirmed, cooled subjects were highly similar to FS retention controls. While ceiling effects may obscure some possible differences here, it would appear that memory recovery was nearly complete. At the same time, these studies provide no support for spontaneous recovery of memory over time. Treatment groups not recooled but tested independently at 24 or 50 h showed strong RA. Furthermore, since the manipulations in Experiment III failed to produce lasting reactivation of memory, these data indicate that RA was still present 120 h after amnesic treatment. Similar persistence of hypothermic RA over a lO-day period have been reported previously (Riccio & Stikes, 1969) . The tendency for amnesic SUbjects to show increased latencies with repeated testing at 24 and 50 h, while not statistically significant here, is consistent with the view that some partial memory of fear is elicited upon crossing through which serves to strengthen subsequent passive avoidance behavior (cf. Schneider, Tyler, & Jinich, 1974) . Although the test trial is nominally in "extinction," there is ample evidence both from other HYPOTHERMIA-INDUCEDAMNESIA 261 amnesia studies (Sara, 1973) and from ontogenetic research on reinstatement of memory (Silvestri, Rohrbaugh, & Riccio, 1970 ) that such procedures may serve to increase rather than weaken a passive avoidance response. These findings are consistent with the growing body of eivdence suggesting that RA reflects a deficit in retrieval rather than failure of original storage (cf. Miller & Springer, 1973) . As noted earlier, one class of retrieval explanations has emphasized the role of state-dependent processes. At least two distinctly different state models are identifiable, however. One model, proposed by Thompson and Neely (1970) , emphasizes the relationship between the immediate postacquisition state and later test conditions. According to this view, although the training FS is delivered while the subject is in the "normal" state, post acquisition processes (consolidation) continue and become linked with the amnesic-induced state. Ordinarily, then, testing 24 h later occurs when subjects have returned to the base state and RA is obtained. The memory can become available, however, by reinducing the internal state associated with the amnesic agent (Thompson & Grossman, 1972) . The current data demonstrating presence of memory for several hours after hypothermia treatment, and the return of memorial-based responding when subjects are recooled and tested within several hours (Experiments II and III) are consistent with this type of state dependent model. At the same time, we recognize that the "state" involved is not adequately or entirely assessed simply in terms of colonic temperature. This is clear from the finding that memory is present at the 6-h test, although body temperature has essentially returned to normal levels. But just as an ECS state may persist well beyond the brief administration of shock, we presume that cooling initiates a host of internal events which then outlast the actual hypothermic condition. Admittedly, independent specification of conditions constituting a "changed state" remains a major goal for this type of model.
An alternative state dependent hypothesis (DeVietti & Hopfer, 1974) focuses upon the presumably long-term changes induced by the amnesic treatments. From this perspective, acquisition is completed in the normal state but cannot be retrieved at 24 h because of the continued presence of an altered state induced by treatment. Presumably, recovery of memory will occur after the ECS induced state has dissipated. It seems clear that the present findings are not in agreement with predictions from this model.
Contextual Cues Model
While recognizing the value of the consolidation state model, we tentatively propose a related but different retrieval based model to account for the present findings. Extensive and cogent review papers by Spear (l973) and Tulving (1973; 1974) have called attention to the importance of contextual and encoding cues for memory retrieval both in animals and humans. We suggest that, in the present paradigm, hypothermia functions as an important contextual stimulus rather than as an agent which directly impairs storage or retrieval mechanisms. Obviously, contextual cues are typically present at the time of training, while in the RA paradigm, cooling is not initiated until shortly afterwards. But it seems reasonable to assume that processing of information persists after training (Thompson & Neely, 1970) and overlaps with the hypothermia period. Or, extrapolating from Kamin's (l969) findings, perhaps hypothermia acts as another surprising DCS to initiate backward scanning of recent events in memory. In either case, the training situation and hypothermia treatment have an "opportunity" to become interrelated. In short, for the rat, the experimenter-defined boundaries of training and amnesic treatment may not hold. Considering the placid nature of the rat's home cage experience, it may not seem surprising that a sequence of events consisting of placement in a novel chamber, exploration, painful stimulation to the feet, and restraining and cooling, might constitute a relatively undifferentiated single experience. If the various internal changes elicited by deep body cooling represent a sizable proportion of the contextual cues, then a failure of retrieval (RA) could well be expected when rats are tested 24 h later without these stimuli. Conversely, testing at relatively short intervals after hypothermia treatment provides some of the contextual stimuli required for memory retrieval. In a similar fashion, RA is prevented when cooling is given shortly prior to testing. The importance of contextual cues present at time of testing is further suggested by the return of RI\ when testing is delayed (Experiment III).
This contextual cue interpretation of RA is similar to, but not identical to, the consolidation state model described above. For example, consider the otherwise puzzling finding that retention controls (FS-No HYPO-RECOOL), cooled for the first time prior to testing, show retention entirely comparable to their uncooled counterparts (FS-No HYPO-No RECOOL) . Given the evidence that the cooling treatment is sufficient to restore memory in the amnesic group, from a state dependent view it is difficult to see why this shift to a new state fails to impair memory. According to a contextual cues analysis, however, the critical feature is that of "encoding specificity." For the amnesicly treated group, the cues necessary for retrieval of memory are those associated with cooling, along with other environmental stimuli. For the control groups, the retrieval cues are primarily those of the training envircnment. As long as the cues present during the acquisition period are available at testing, memory retrieval can occur despite the presence of a "changed state." In short, stimuli emanating from hypothermia treatment are essentially irrelevant for the controls; retrieval of target memory is determined by other attributes of the situation which are, in fact, provided.
According to the present interpretation, manipulations which tend to differentiate the training and treatment conditions should also attenuate the importance of treatment stimuli as cues necessary for retrieval. One such manipulation is the interval between training and amnesic treatment. Thus, the characteristic temporal gradient of RA would reflect the diminished likelihood that changes produced by the amnesic agent function as encoding stimuli. The changes in performance, then, need not represent differential impairment of the retrieval mechanism per se. Moreover, the training and hypothermia treatment should become more discriminable as a function of experimental manipulations. There is now substantial evidence that a variety of procedures which familiarize the subjects with aspects of the training environment or paradigm can attenuate or eliminate the amnesic effects of hypothermia (e.g., Jensen & Riccio, 1970) . It is not apparent that the state dependent view would predict these outcomes, since the "consolidation" period following the criterion task still occurs in the changed state and should make the memory inaccessible.
Although a theory of contextual cues can account for a number of findings, it remains possible that such an analysis is limited to hypothermia as an amnesic agent. For example, changes induced by body cooling occur relatively slowly, and rats do not appear to lose consciousness. In any event, the contextual cues analysis emphasizes that behavioral processes as well as physiological mechanisms may be important determinants of RA.
